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TABLE 5 - EPON 946 SHEAR TEST - 3 IN, /MIN/IN.

Specimen Load Shear Stress Deflection Strain Shear Modu-
Number (1b) (psi) (in.) (in./in.) lus (psi)
1 2090 1045 .086 .086 12,170
2 3160 1580 .120 .120 13,150
3 3425 1712.5 .148 .148 11,560
4 3700 1850 .150 .150 12,320
5 3950 1975 .162 .162 12,180

Avg. 1632

TABLE 6 - EPON 946 SHEAR TEST - 300 IN./MIN/IN.

Specimen Load Shear Stress Deflection Strain Shear Modu-
Number (1b) (psi) (in.) (in./in.) lus (psi)
6 3540 1770 .087 .087 20,200
7 2560 1280 .069 .069 18,600
8 3000 1500 .093 .093 16,100
9 3470 1735 .100 .100 17,350
10 3380 1690 .087 .087 19,400

Avg. 1595
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TABLE 7 - HYDROBURST PRESSURES OF UNDEFECTED BOTTLES (GROUP T)

Helical % Resin Content Burst Pressure

S/N we. () by Weight (psig)
2% 170 15.3 (2700)
5 162 11.9 2300
8 163 13.1 2200
10 170 11.2 2225
15 168 15.0 2200
18 171 16,6 2100
Avg. 2205

TABLE 8 - HYDROBURSY PRESSURES OF DEFECTED BOTTLES
(GROUP II, DEFECT DEPTH 50%)

Helical % Resin Content Burst Pressure

S/N wt. (g) by Weight (psig)
9% 166 11.2 (1220)
14 167 14.9 1650
17 166 16.2 1740
20 170 14.7 1835
23 170 15.5 1730
24 164 14.3 1620
Avg, 1715

*Burst pressures not included in averages.



25%

26>

TABLE 9 - HYDROBURST RESULTS FOR TWO-PLY REPAIR (GROUP III-1)
DEFECT DEPTH 50%

Helical

We. (g)
170

175

168

% Resin Content
by Weight

13.4
10.7

14.8

Location and Type

of Failure

At Patch in Shear

Burst Pressure

(psig)

Entire Opposite Dome Burst

Entire Patched Dome Burst

Avg.

2040

2415

TABLY 10 - HYDROBURST RESULTS FOR THREE-PLY REPAIR (GROUP 1II-2)
DEFECT DEFTH 50%

Helical

wt, (g!
190

193

179

% Resin Content

by Wweight

14.5
12.8

14.1

*Abnormally thick wall.

s/

13

21

S/
6

19

23

Location and Type

of Failure

Entire Opposite Dome Burst
Entire Opposite Dome Burst

Entire Patched Dome Burst

Avg.

TABLE 11 - HYDROBURST RESULTS FOR TWO-PLY REPATR OF 1007 DEEP

Burst Pressure
(psig)

2080
3135
2685

2635

DEFECT

Helical
Wt. Sg}

162
171

174

7 Resin Content

by Weight

11.4
10.4

15.5

Location and Type

of Failure

At Patch in Shear
At Patch in Shear

At Patch in Shear

Avg.

Burst Pressure

(psig)

1365
1375
1420

1385

TABLE 12 - HYDROBURST RESULTS FOR THREE-PLY REPAIR OF 100% DEEP DEFECT

Helical
Wt,

185

173
162

7% Resin Content

by Weight

Location and Type

of Failure

At Patch in Shear
At Patch in Shear

At Patch in Tension

Burst Pressure

(psig)

Avg.

1905
1790
2205

1965
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TABLE 16 - TENSILE-SHEAR VALUES FOR SPIRALLOY ADHESIVES (PSI)

Epon 826/
Curing Agent D

(790) (1)
990

970

Average 980

Epon 946
1060

990

1060

1737

All tested at a strain rate of 0.05 in. per minute.

Epirez/Epicure/
Cab-0-8il

1170
1120

1110

1133

All specimens B-staged 16 hours at ambient conditions, cured at 200°F/

2 hours.

(I)Faulty specimen, Not counted in average.
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TABLE 17 - THREE-PLATE TENSILE SHEAR DATA
FOR $81-901 AND S81-904 GLASS CLOTHS

Shear Range
Cloth (psi)@ (psi) Tocation of Failure
S81-901 (Refrigerated) 1832¢€ 1825-1900 Spiralloy-resin interface
S$81-904 (Non-refrigerated)b 17274 1520-1937 Spiralloy-resin interface

a) Tested at a crosshead speed of 0.2 in. per minute at 77°F
b) Cloth aged 3 months after manufacture
c¢) Average of 5 specimens

d) Average of 3 specimens

TABLE 18 - BONDABILITY OF FRESH EPON 946 TO CURED EPON 946
(3-Plate Tensile-Shear Tests¥)

Epon 946 Variables Shear (psi Average (psi)
Cured + Fresh 685, 575, 575 612
Cured and Sanded + Fresh 825, 837, 823 828
B-staged + Fresh 550, 612, 550 571

*Tested at 0.2 in. per minute at 77°F,
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Group A

Group B

TABLE 19 - BURST DATA FOR DEFECTED AND REPAIRED 6-INCH BOTTLES

Bottle No.

78

79

80

81

82

Description

Groove only

Groove and patch
Control (no groove)
Groove only

Groove and patch

Burst
Pressure* (psi)

1350

1580

2300

840

1360

Type of Failure

Delamination at groove
Tensile break in patch
Delamination in dome

Delamination at groove

Tensile break in patch

TABLE 20~ BURST DATA FOR DEFECTED AND REPAIRED 3-INCH BOTTIES

Bottle No.

1-1

1

1-5

1-6

1-7

1-8
L

Description

Control

Groove only
Groove and patch
Groove only
Control

Groove aad patch
Groove and patch

Groove and patch

*Test rate was 50 pri/second

Burst

Pressure* (psi)

4110

3900

540
3690
1600
3840

3150

Remarks
Burst
Leakage at pole piece
Patch remained intact
Delamination at groove
Burst
Weak spot in kauckle
Patch intact

Patch intact
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TABLE 31 - COMPARATIVE

BOND STRENGTHS OF X248 AND X259 COMPONENTS

Type of Bond
BUU - BUU
eyt - cyrV)
CYI - E/E (10:7)
CYL - Epon 946

Epon 946 - Fiberglass(3)

E/E - Fiberglass

Cured Fiberglass(3)-
Uncured Resin(7)

Epon 946 SBR(8)

(1) JANAF type II dogbones 1/4'" thick, die-cut.

Ultimate
Tensile
Strength

(psi)
115

145
77(2)

81(2)

380

(2) Crosshead speed 0.2 in/min at 77F.

Ultimate
Shear
Strength

(psi)

1630 (®
1595
1133(6)

980(6)

150¢%

Tested at 0.74 in/in/min.

(3) Mat of ECG-140-801 glass roving; matrix resin Epon 826/Shell Curing
Agent D. Surfaces sanded before boading with Epon 946.

(4) Double lap shear specimens. Crosshead speed 3" in/min at 77F.

(5) Double lap shear specimens.

(6) Single lap shear specimens.

(7) Epon 826/Shell Curing Agent D.

Crosshead speed 300 in/min at 77F.

Crosshead speed 0.05 in/min at 77F.

(8) Asbestos filled SBR, buffed and cleaned with methylene chloride.

(9) Single lap shear specimens - ASTM D-1002.
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TABLE 33 - SQME PROPERTIES OF AMBIENT CURE RESIN SYSTEMS

Tensile Tensile
Ambient Strength Mod. Elong,
Storage Time (psi) _(psi) (%)
0 320 610 77
1 wonth 310 500 66
2 months 330 570 72
3 months 300 690 67
0 250 478 46
Time Viscosity
(hrs) _cps
0 1250
1 1400
2 2200
2.75 5300

Compatibility with Casting Solvent (C. S.)¢(?)

Uncured resin mix + CS

Specimen
Cured 20 mil film + CS

Pressure Time
(mm Hg) (hr)
29 23
l7u 23

Cured 20 mil film soak in CS

Remarks
JANAF type II dogbones
Cured at 120F/3 days
Tested at 2 in./min.
at 77F

Dogbones cured at 300F/3 hrs.
after 16 hr. ambient B-stage

Remarks

Brookfield Spindle TA, 4 RPM, 75F

Gelat;on(l) Exotherm to 124F

Remarks
Modified Taliani test
HD-CP-3900

13.77% weight gair in 7 days
at 77F, 9.127% NG absorbance

(I)A 4.5 1b. batch of resin gelled in 230 min (3.8 hrs) &nd reached a max.
exotherm of 150F.

(Z)NG/TA/NDPA (75/24/1)

All data from P. d. Skidmore, "Specitic Problem Report, ABL #298," Aug. 10, 1965.
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TABLE 35

TABLE 35 - TENSILE BOND STRENGTHS BETWEEN
POTTING COMPOUNDS 2 d X248 MOTOR CO N

Average Tensile

Strength (psi) Location of Failure
Component 2A 2B 2A 2B

BUU 130(D - 2A to BUU -

NBR 403(1) 458 (%) 24 to metal(3) Half 2B to
NBR, half
2B to metal

Spiralloy 467(1) 615(¥ 2A to Spiral- Spiralloy

loy delaminated

Cured Armstrong A2/W 623(2) 2663(5) 67% A2 to 67% A2 to

metal 2A
33% A2 to 2A 33% A2 to
itself

Aged Case Bond Inter- 69(3) 2A to case -

face bond

All specimens cured 3 days at 120°F, and tested at crosshead speed of 0.2 in./
min at 77°F

(2)

(3)

(4)

(5)

These samples utilized the ABL 2 in, x 2 in. steel tensile bond test plates,
The sandblasted steel plates were coated with formula 2A adhesive and B-
etaged (ambient temperature for 16 hours). Freshly mixed Formula 2A was
then applied to both sides of the material being tested, BUU (machined sur-
face), NBR (buffed) or Spiralloy mat (not sanded). The steel plates were
then bonded to the sample materials, with the B-staged Formula 2A adhesive
being tested. Figure 143 shows the cross-section of these samples.

These samples utilized the ABL 2 in. x 2 in, steel tensile bond test plates,
Both plates of each sample were coated with Armstrong A2/Activator W and
cured, The cured Armstrong A2 adhesive surface was then coated with Formula
2A, and the two plates were bonded together. Figurel44 shows the cress-
section of these samples.

These samples utilized the ABL 2 in. x 2 in. steel tensile bond test plates.
The motor samples were bonded to the test plates with Armstrong A2/Activator
V. The motor samples were 2 in square x 1 in. thick aud were taken from
fired NPP-242, The samples comprised insulation (NBR), Armstrong A2 adhes-
ive, CA cloth, case bond, and propellant. The CA cloth and case bond inter-
face was manually separated and rebonded with Formula 2A, without surface
preparation. See Figure 145 for the crcss section of these samples.

These samples were the same as (') except tnat Formula 2B adhesive and rocund
AS™ tensile plates were used.

These samples were the same as (2) except that Formula 2B adhesive and round
ASTM tensile plates were used,
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FIGURE 14 - FAILURE OF DEFECTED BOTTLE
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FIGURE 16 - UNDER SIDE OF THREE-PLY REPAIR OF PARTIAL DEFECT
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FIGURE 19 - CROSS SECTION OF DEFECT NO. 2 ON NPP-257 (A5)
MAGNIFICATION 5 TIMES

FIGURE 20 - CROSS SECTION OF DEFECT NO. 2 ON NPP-257 (A5)
MAGNIFICATION 10 TIMES




G-2158

FIGURE 21 - CROSS SECTION OF DEFECT NO. 2 ON NPP-257 (A5)
MAGNIFICATION 20 TIMES
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FISURE 24 - CROSS SECTION OF DEFECT AND PATCH ON NPP-261 (A5)
MAGNIFICATION 5 TIMES

FIGURE 25 - CROSS SECTION OF DEFECT AND REPAIR ON NPr=~26| (A5)
MAGNIFICATION 10 TIMES




FIGURE 26 - CROSS SECTION OF DEFECT AND PATCH ON NPP-261 (A5)
MAGNIFICATION 20 TIMES
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FIGURE 28 -~ POST-FIRING VIEW OF AFT END FAILURE OF NPP-242 (A5)
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FIGURE 32A - TOP VIEW OF PATCH REPAIR ON NPP=475 (A6)
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FIGURE 37B - POST~FIRING PICTURE OF Y-195 (A10)




FIGURE 38 ~ POST~FIRING PICTURE OF Y~-195 (A10)
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FIGURE 51 - FAILURE OF S/N NPP- 453 (A6) CHAMBER
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FIGURE 56 - SHEAR STRESS DISTRIBUTION ALONG BOND LINE
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FIGURE 67 - X248 CASE BOND SYSTEM CROSS SECTION VIEW
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FIGURE 87 - POST-FIRING PICTURE OF FAILURE IN NPP-475 (A6)
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EIGURE 8% - POST-FIRING PICTURE OF S§/N-425 (A6)

FIGURE 90 - POST=FIRING PICTURE OF 5/N-425 (Aé)
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FIGURE 92 - STRAIN GAGE LOCATIONS X248 S/N NPP-445 (A6)
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FIGURE 96 - STRAIN GAGE LOCATIONS X248 S/N NPP-453

(A3) DEFECT NO. 1
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FIGURE 98 - DEFECT LOCATIONS X248 S/N Y-195 (A10)
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Note: All dimensions are
ref. from fwd face
of fwd doubler.
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FIGURE 99 - STRAIN GAGE LOCATIONS X248.S/ﬁ Y-195(A10)
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FIGURE 100 - STRAIN GAGE LOC "10NT X248 S/ﬁ ¥-195 (A10)
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FIGURE 102 - DEFECT LOCATIONS X248 S/N NPP-463(A6)
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FIGURE 112 - COMPARISON OF THE AVERAGE EQUIVALENT STRESS PER PLY -

CONDITION 3
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Equivalent Strees (x10'4) psi

A - 4 ply repair ]
O - 3 ply repair
6.0
4.0
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0
1 2 4
Ply Number

FIGURE 115 - AVERAGE EQUIVALENT STRESSES FOR 3- AND 4-PLY REPAIRS -

CONDITION 4 (STRESSES MEASURED AT DEFECT CENTER)
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bw-Tensile Bond Piate (Square or Reund)

p-Staged Repair Adhesive
{Ferm:1la 2A or 2B) . Repair Adhesive (Formuia 2A or 2R)

Motor Material : Repair Adhesive
(BUU, NBR, or Spiralloy)

R-Staged Repair Adhesive

. Tensile Bond Plate

FICURE 143 - CROSS SECTION OF TENSILE BOND SAMFLEs, TO REPAIR ADHESIVE BUU, NBR OR
SPTRALLOY

i
Motor Material aTensile Bond Plate (Square or Round)

(Cured A2 Adhesive, .025 tnk.)

Motor Materia:i /

{(Cured A2 Adhesive, .025 thk.)

WRepair Adhesive (Formula 2A or 2B)

Tensiie Bond Plate

—

FIGURE 144 - CROSS SECTION OF TENSILE BOND SAMPLES, REPAIR ADUESIVE TO ARMSTRONG
A2 ADHESIVE (CURED).
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Tensile Bond Plate, Square

Insulator (NBR) Armstrong A2

CA Cloth/CBL-4 Lacquer (Legging) Armstrong A2
WRepair Adhesive Formula 2A

BUU Propellant*

Tensile Bond Plate Armstrong A2

* Surface next to
repair adhesive | l
contaminated with
remaining CBL-4-
laquer when this

underface was
manually separated.

FIGURE 145 - CROSS SECTION TENSILE BUND SAMPLES REPAIR ADHESIVE TO AGED MOTOR
CASE BOND INTERFACE
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